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INTRODUCTION
1. During the summer of 1946,
at the Rasbe Institute, t¥he Sewiel administration, composed oI
General Geydikov and Colonel Korolov, issued an order for the
further development of the A=k, Tae objective was to materially
increase the performsmce of the A=l. The details of this
USAF, DIA, review completed.]
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order wers not known [::::] Upon the arrival of the group in

the Soviet Union, the Ministry of "Armaments is a similar
order for the further development of the A-4.

fthe
order gstablished only general reguirements. The basiec re-~
guirement dallsd for a range of approximately 700 kilometers
while delivering & 100Q+kilogram explosive with possibly improved
accuracy of fire.

This order sstablished the R-10 project
The R-10 might be

to which the Germans were

" assigned for a pariod ranging from the fall of 1946 to tho

dgpring of 1y49¢' Thoge involved in the work represented a
ddvertse growp Wik varying amounts of experiencag‘

First of all, only a few teclnicians from the original and
pringipal miasile development site in Peenemuende were repre-
sented. Yhe fow that were present had not held positions in
Peenemuende which would permit them a deeper insight into the’
overall program. The Peenemusnde specialists could offer little
experienca which might serve to glve direction to the develop-
ment waork.

ADther” ghoup [:28 &p@mi&liﬁ%ﬁ wad aomponed of the se=ealied
ﬁ?iring mea", who bad had military experience 3n the actual
fitiny of the A-d4. The teghuissal training of members of thia
ETGup WEE p&vtjmﬁiy incomplete. Though they may have had firing
e;perienmu, daralopmeni pointera gould herdly be expescted from

$Ris group.

A Broup mf m&tham&thi&un workﬁlq in the ballistic department
undar e’ section of Br. WOLES {formerly chief ballistic

axpert at KRUPP) was thoroughly squipped to solve basic questions
&né engage in develepuent work. Particularly, WOLE: s deputy,
Werner MUELLER, pessessged the ability to comprehend the prac-
tical developuent stages, ss well as the ability to solve these
problens mathematically‘

.Qneetiona in aevcdynamica, egpecially in the supersonic field,

were dealt with primarily. oy Dr. ALBRING, chief of the aero-

y ngmic. o Repariment. . Vasb knowledge in asrodynamics, an ¢pti-
mistie outlook, and & creafive talent permitted ALBRING to make
many. centributions in ‘the development work.

Tha tharmodynamioa department led by Dr. UMPFENBACH worked on
tﬁ% propulsion unit. This department had several good scien-
tists capable of selving theoretical questions. Creative tal- :
ents, however, could hardly be found in this section.

The controls were 1n the hands of Dr. HOCH, a competent and even
eredtive profesgional, though he was of unreliable character
and was an infopmant. .

Badio was primerily in the hands of the creatively talented
praciician PREIKSCHAT and the theorstician Dr. MOLIWO.
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The design and sireas department was essentially composed of
dévelopment men from the former ARADO Airplane Plant. These
meq;ugré‘thoroughly°oapable of ocarrying out new development
work. The design work wes performed under the leadership of
Dipl. Ing. BLASS and his deputy, Ing. ANDERS. '

The stress section, under Dipl. Ing. and Dipl. Math. Rudolf
MUELLER | was responsible for all questions of
gtructural design and etreas analysis.

_As can be seen from the above, it was hardly possible to base

the development work on the A-4 experiences of the Peenenmuende
representatives. Sclentlsts and engineers coming from the

most diverse fields had to give the impetus for the develop~
ment work. Development carried out with this type of human’
material was & risky venture and: doubly so since experimentation
wae non-existent. '

Dgying the course of developmernt, many chennelse ana possibilities

were explored theoretically and numerous draft reports were

Bﬁﬁmitted. The final product of the R~10 projects was a . volumine-

ous report centaining the complete désign of the missile,

This report was turned ovar to the Soviets but final disposition
was unknown. The entire projedt was a "paper project’ with no.
parts being consiructed at Goredémlya Island. Whether or not
the R-10 missile was constructed by the Soviets was never dis-
covered by the Germang. '

’FU§DAHENTAL CONCEPIS UNDERLYING THE DEVELOPMENT QF TH# B~10

14.

15.

16.

The drawings of the A4 (V-ﬁlgnnrs available to serve aa basic
data for the German group.

caloulations which could have given more detailed insight into
the interrelations of the A-4, were completely mieeing. Only
those ocalculations which had been newly compiled in Gernma
during 1946 and agein in the early daye in the Sovist Union
were available. How incomplete and unrelieble the newly com-
piled calculations were le readily conceived when one recalls
the fow and loose directione which were given to the German:
ﬂpeoial?.sta°

The given requirements were 10 be achieved under no oircumatances

by simply making minor ¢hanges in the A-4. Consequently, a
systematic new developmenti on & mathematical-physical~techniocal
basie became necessary. Experimenis wera not poasible, except

on & very modest scope and primarily only in the fields .of

oontrols and radio, All reference .points used during %he design
stage were obtained from the oaloulations performed during the
theoretical phase. .

The ensuing development work took the form of very close oo~
ordination between the various departments. . This ccordination
took various forms. Thus, for example, it took the form of-
conferences hetween the various deparitment ‘chiefs, under: the
chairmanship of the chief 'deaigning enginser, and 40. whioch

. princiral experts were invited. At other times, it took the
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form of) donsultations between a few or several depariment
ehiefs or experts. |

The ballistic calculations showed clearly that two factors were
of‘great_im@brtancg in.reference to t he missile's range:

a. The spécific thrust in ki chrust per kg fuel per second.

b. .The relationmship of the launching weight to the weight at
"~ propellant~ocdt-off.

For. this migsile there.appeared to be little chance of improv-
ing-hhe aerpdyramic drag and.se the drag factor moved into the
background in regard ¢ the two . uforementioned factors.

4gifar,ag point.(a) was concerned, su increase of the specific
thrust- could he asohieved; by;iweans of different reaction materials
(fuels)s-incraased comkustion, pressure, and/or more efficient
combusticn. The absence cf any experimsntal possibilities
gseemed.to. make-a siudy. along these lines either impossible or

teo .daring.  Therefgre,-a material improvement of the specifiec
thrust for the development of the A-4 had to be diemissed at

that time.

;@d;aaaing the ratio of the launching weight to the weight
at propelliant-cut-off could be achieved by:

‘ a. Improving the‘air'framo\(boll structure design).
L pei Inoressing the abaolute launching weight while using the

game combustion chamber. That is, by means of decreasing

}2‘ the rsalationsbip of wooket thrust to launching weight.

6.. Qarrying out thoreugh weight economies in all other parts
. -of the migailes, particularly in equipment, control mechanisma,
and suxiliary drivea of the combustion chamber.

.a. j;mp:gying fhe arrangement of the mixture ratio; that is, by

@ecxegsing‘the vegidual fuel in the containers, fuel lines,
and the combustien chamber.

e. Providing:for efsystem in -which the warhead could be separated
- from the sirframes R
t,‘_Proyiding for a multiple-stage construction of the nissile.

Qgg;fo;lowing:discugslon,represanta my recollections of the
thought process and the problems involved in the handling of

the above six eteps 4s .associated with the R-10.

_ Isproying the hirfreme

22.

. L R S :
In oxger tc gxecute the required stress analysis on the i-4,
it was necessary %o make s6-called load assumptions (1astenan-

>, pebmen}. A% wak necessary- to find for every structural part

the stress or at leagt the idesl stress which would affact that

. part most unfavorably. Such load asssumptions were readily made

using the available data resulting from weight measurements,
saloiilations of the ballistic path, the aerodynamic calculations,
the ¢ontrol force calculations,” the rocket thrust, etc. From
these "load assumptions"” and ‘the resulting stress analysis for
the A-4, & seriss of reference points for the airframe siructure
were obtained. It was revealed that the transverse load and the

'
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resulting bending stress, two factors which are of primary
importance in airplane design, were relatively unimportant

to the missile. It was found that decisive for the rocket

were primarily stresses arising from the longitudinal forces and
the surface preasures rgsulting from the air flow. Although
bending moments were present, fhey were considered of gsacondary
importance in the gtructure.

23. In the course of the development it was shown more gpd more that
thermic stressea entered into the problem. These would arise
from the very low temperaturs of the liquid oxygen (approximately
«183°¢) and alsc from the posaibly very bigh surface temperatures
which would develop from the friction of air on he surface
at very great speeds.

24, When the structure of the A=) was regarded from these points of
view, many things appeared illogical. Foremost, the greatest
section of the missile, the central section, was apparently
designed incorrectly. To clarify this point a short disserta-
tion was presented on the already well-known structure 25X1
of the A-4. Two welded lLight metal containers (the front one
for the recepition of the alcohdl, and the rear one for the re-
ception of the liguid oxygen) which for technical reasons were
placed under & certain amount of pressure, were attached at a
few points %o the outer shell. DBetween the containers and the
outer shell was a thermal insulation composed of glass wool.
411 longitudinal &tresses, bending moments, and pressures acting 3
on the outer shell had to be absorbed by the shell structure.
The outer shell, made completely of steel, was reinforced by
means of & stringer and former network. The many connecting
points at the missile head and at the tail, as well as the many
flaps, pointed to a very inferior stage of development in the
-gtructure. These circumstances gave rise to the inference that
many imperfections were to be found im the remaining basic struc-
tural designs.

25, This two-case structural design was bound to be not only expensive
to comstruct but alse added & great deal of weight. It further
resulted in a diminution of the tanks’ contents because of the
inevitable reduction in dimensions.

26. Because of the above shortcomings, a single shell structure was
considered and found to have many advantages over the old A-4
structure. The following consideration led to this conclusion.
For technical reasons the tanke must be constantly subjected to
a certain pressure. This is particularly important in regard to
the ligquid oxygen, as the latter is very close to the boiling
point and since the boiling point 1s raised as a result of an
increased pressure. A boiling liquid ie difficult to convey

; in exact quantities and causes a great cavitation danger for the
pumps . :

27. A circular container under continuous pressure produces ten-
sile stresses on the container walls which are two times as
great in the cirecular direction a8 in the longitudinal direction.
However, the tenasile stress is that stress which willyaupport
the greatest values in a thin-walled structure. Such a structural
design results in the lowest expenditure of mnaterial and, con-
sequently, the least weight as we'll.

SECRET

Sanitized Copy Approved for Release 2010/06/30 : CIA-RDP80-00810A001400010001-4



EURS

Sanitized Copy Approved for Release 2010/06/30 : CIA-RDP80-00810A001400010001-4 25X1

SECRET

28, To be considered then was the relationship existing between
such a structure which would produce pregsure from within and yet
must sbsorb outer forces, that is, the -longitudinal forces, the
bending moments, and the outer pressures upon the surface.

The pressure and longitudinal forces acting on the missile

must decrease the tension and Iongitudinal forces produced from
within the tanks. Should these compiressive and longitudinal
forces become greater than the tensile forces and longitudinal
forces, a compressive force would result which up to a certain
point (that is, the buckling foreces of the cylindrical shell)
could be absorbed.

29. The bending moments of the missile would produce tensile and
compressive stresses. The tensile stresses would increase ‘the
already existing tensile strength caming from the internal
pressure. This was found to be permissible without inereasing
the wall thickness since the longitudinal tensile stresses aris-
ing from the inner prassure would be only one-half as great as
the circular tensile giresses. Concerning the compressive
stress and bending stresses nothing more need be said, since
the same considerstions apply that were discussed above in
regard to the compressive and longitudinal forces.

30.: Another problem considered was the result of the forces because of
the flow of air over the missile. The flow of air would produce
pressures positive or negative depending on the positioh along
the longittdinsl sxis. When the angle of incidence is zero
degrees, the forces would be equally distributed around the
circumference and either added to or subtracted from the in-
ternal pressure. “hs magnitude of these forces are small com-
pared to the internal forces and thus have little effeect. In
the case of the A-l4, the surface forces on the outer skin were
not sbsorbed by the larger imternsl pressures and thus were of
such magnitude as to cause skin deformation and additional stress
in the spars.

31, Should the missile be flown at an angle of incidence, a some~
what sine-shaped pressure distributionm around the cross-sectlon
of the rocket would result. Oince these pressures are, however,
always smwall in relation ta the internal pressure, & minute
deviation from the round form that might result would leed to a
hew state of equilibrium resulting from the internal pressure.
During the coursc of construction or during ground handling,
internal preesure would not be present for stability and so
light ribs werk provided for in the design., These ribs were
to be placed at intervals of approximately 800 mm. These
ribs could, in addition, contribute greatly to maintaining
the round form, and thus be more receptive to the air forces,
whieh have already been described.

32. During the transportation of the missile from the factory in
the Meilerwagen (specially constructed transport carriage)
on the street, ss well &s during the mounting on the launching
table, sufficient stebility must be provided for the container
central part, even withput internal pressure. It was found that
by means of an intelligently placed support for the missile, it
would be possible %o keep the forces and moments very small
and that sufficient stability for all practical purposes on the
ground could be maintained.

SECRET

Sanitized Copy Approved for Release 2010/06/30 : CIA-RDP80-00810A001400010001-4



R

Sanitized Copy Approved for Release 2010/06/30 : CIA-RDP80-00810A001400010001-4

33

4.

36.

37,

SECRET
-

It was found further that the structural design of a oircular
unbraced oylindrical shell had & certain buockling strength
during flight even without internal prsasura,prcvidﬁng only
the ascending pert of the flight was congidered.

Another problem of concern was the factore involved due to tgorn-
al conditions. Since liquid oxygen has & temperatue of -1837C,
there would result &% normal outside tempe rature, & Very great
temperature difference between the air and the sontainer wall.
If, by means of an opened valve, the container wae ‘ventad, then
the containexr pressure could not rise above the outside pressure.
The” total amount of heat absorbed would then be dissipated in
evaporating the oxygen,end the liquid oxygen would remein at
esgentially the same temperature.

Immediately before launching, the oxygen tank muet be placed
under pressure. As a result, the boiling point of the liguid
oxygen would be raised. Before. the oxygen may be brought to

"$he boiling polnt it is necessary %o supply sufifilcient heat

to the entire liguid and only then would all addltionally

added heat be used for the vaporization. (1£ the beat supply
oni-the walls is very intense, the boiling temperature will be
reached at the walls while the liquid within the interior of
the-container hardly changes, resulting, therefors, in local
vaporization along the ocontainer walls.) During the agoending
part of the flight, heat is naturally supplied, because of

1) greater flow speeds, 2) the inoreasing temperature differerioe,
since & great increase of the boundary layer temperature ap«
pears at high speeds (proportionately with the. gqusre of the
speed). When the main gpaad acceleration ocours at great
heights, the transmitied heat quantities are; however, minute
since the sir density enters proportionately into the {rans-

" mitted heat guantities. Thess heat transfer characteciatics

were taken into considsration based on the possidle R~10 di-
mensions. They were oaloulated by oxcellent heat specialists
for later development purposes. The temperature rises of the

1liquid oxygen, ae well a8 the loaal vaporizetion along the walls,

remained within absolutely tolerable limits throughout the
required time. Ag the oxygen container already would be sub-
jected to pressure by means of gaawous oxygen, it remains im-
portant only from the gtandpoint of the gag~-produoing unit to
determine how much gaseons oXygen would be formed slong the
container’s walls and how mush in the gas-produoing unit itself.

Some deliberations were made on matiers concerning the thickness
of the frost layer whiech ocould setile for & time while the fully
tanked missile would be standing and the layer of iloe whioh

oould settle during rainy weather. The aerodynamioc dmpediments,
as well ap the additional welght, were found to be indignifiocant.

. It wag felt that all thie would soon melt in the oourae of the.

ascent bacause of the considerable boundary leyer temperature
developed.

A1l ealoulations pointed 1o tharfaat that no eritical oiroum-

. ‘gtancesa or other unpleasant conaiderations could he found whioh

worked against the solection of the one- container structure
for liquid oxygen.

vy
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38. In the case of the alcohol container, the circumstances were
much more. advantageoua since the alcohol would be at approximately
normal température, and thus the formation of frost or ice would
. be completely out of the gquestion. Further, since there would -
be a much greater difference tetween the normal temperature and
the boiling temperature as in the case of the liquid oxygen,
there would not erxiast any cavitation danger for the fuel pumps.

39. In order to lose as little space as possible for fuel in such a
. one-container structure, the two containers were seperated only
by a partition with oxygen in the low er portion of the container -
and aleohol in the upper. Since the two liguids would have & .
temperature difference of approximately 200  centigrade, there
would occur as a result heat-conduction along the walls and
also, as a result of radiation, a certain interchange of heat
‘between the two liquids in the vicinity of the partition. This, “
however, would be practically confined to the pre-launching .
waiting period of the fully tanked missile. Since the liquid’
-oxygen would not come in comtact with the partitiom, the layer
of gaseous oxygen in the condition of equilibrium, which would
- pest over the liguid oxygen, would form a good insulator. The
aloohol immediately above this layer and along the partition
would be in a state of equilibrium during this period as well
as during the cooling process. Due to the fact that the . pure.
heat condition of the liquids is very low, there would ogocur
looally, nevertheless, a notioceable cooling of the aloohol.
The danger of a local freezing of the aloohol, however, would
not exist. Consequently, in the course of the later develop~-
ment work the originally planned insulation of the partition
was dispensed with.

40. Of importance and worthy of mention is the selection procddure .
of material used in the central psrt (containers) of the missile.
The containers must be impermeadle to gas and liquids. Therefore,
and in view of the thin wall dimension, a rivet counstruction .
was immediately diemissed as impracticadle and a welded con-
struction was chosen. . -

41. Most 8onatmotion stecls become very brittle at low temperatures
(-183°C), thet is, they have a very low notoh-impact strength.
Therefore, stesl was at least momentarily dismissed. If made of
steel, the wall thickness would have only 1/3 the wall thick-
pass of & light metal (alloy) of equal weight. This would
result in & very thin wall dimension for the cuter shell, whioh
would have a great surface sensitivity and a lower buockling

strength.

42. At that time the light alloy AI/- 3 was pointed out to the Germans
as having excellent welding oharacteristics and at the ssme time.
as Deing easily procurable. 4 major disadvantage of this alloy
was its low tensile strength apd partioularly its low elastic
1imit of spproximately 8 kg/ma€. For certain connecting parte,

‘such as the front and rear connwoting ribs, & sinilar light metal
alloy was used. The low tensile strengih values of the materials
2ed to relatively large dimensions. Hevertheless, there re-
sulted a coneiderable weight seving. : :

SECRET
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From the selected form of the miesile (approxim&tely the same
contours as the A-4) and from the ballistig path, considerably
high surface temperatures, particularly in the forwszeq container,
could be c%lculatedo | temperatures of approxi-
mately 340°C in the 2.55 mm outer shell were obtained throygh
calculations. Waturally, at such temperaturss the alley's ten-
sile strength decreased aapgiderably. v

Reference must be made to another matter in line with this
development. In the 4~4, there were distyibuted over the ,
migsile's entire body many flaps and sccess panels. Several of
the old "Peenemuende” specialists thought that these parts
had frequently been the cause of mishaps. The design of these
parts would make this theory very plausible. Therefore, during
the new development; care was taken to eliminate these parts
entirely or at any rate to restrict the number as much as pos-
sible. Thus, there wap not a single outaide opening flap on
the entire central mection of the missile. In the warhead,

one or two flaps were placed with a great

‘deal of extra attentien being given to their safe design. The

connecting voints betwsen the warhead and the central section,
ag well ag *the connooting pointe betweon the tail and the
centrul saation of the misgiie, were go designed as to make
unnecessary additional cover plates. [Furthar particulars con-"
cerning the design are given in & later section,

The old 4-4 construction was characterized by its shell con-
struetion, which was made of steel sheefs with tight rib and
stringer paneling. YThe stringers were continuous, thus cutting
through the ribs and a3 a repult weakening the latter. These .
ribs were greatly strasined as they had to transmit the bending
moments from the tail controls. Because of the shell design,
many connections were provided for the connection of the trunk
to the central section of the migsilse. This type of connection
must be regarded as statically too intricate and too diffi-
ocult for construction. Congpicuously difficult and intricate

was the final ‘rib of. the tall coge, a piece of light cast metal,
The tail controls algo were made of steel and had the important
structural task of transmitting all the forces of the fully
tanked missile while rested, prior to launching, on the so-called
“"launching table®. '

In order to economize vn weights to make the design less complex

"and olearer, basically different force paths had to be considered

for the R~10. The greatest forcea for the rear section came
from the fin and rudder with their airloads and the longitudinal
foroes derived from the mounting of the wissile on the launching
table. It appeared, therefore, advantageous not to conduct

these longitudinal forces into the tail section shell and them to
the central section of the missils by way of the many conneot-
ing pointe. The simplest way was to conduct thess forces
directly from the fine to the central section of the missile

at these four pointe. Should the fins not reach the central
sections connection, then the forces would pags over the im~-
mediate continuwation of the four connecting points; the out-
riggings, longitudinal forces and bending moments from the o
taill seotion cone would then also be carried by the out-riggings.
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‘ From these considerations resulted a simple 4-point connection
of the tail to the_céntral section of the missile. Further
;’fﬁl_!\lj:‘!j But-riggings “for the tail were no longer necessary.

§ €241 ribs were uninterrupted, and not weakened, by stringers
that'cut through them. =~ - '

47. The end rib in the tail was designed as a simple U-shaped rib.
It served at the same time as support for the motor nozzle, 80
that no great strain would be placed on the propulsion unit as k)
result of transverse loads acting through the thrust frame.’

-'S84noe the forces from the propulsion unit would he opposite
generally to the air loads of the tail unit, the reault was a
foree equilibrium end an easier ayrangement. )

48. The jet fins and their bearings and the rudder mechanism were

5+ gtored in a welded steel box, which was mounted to the strong
end rib and the tail wnit spar. Through this meagure & simple,
t:l.n,_ié.pd' neat grouping for these parts was achievod.

49. The original aerodymamic thinking was that suotion or & negative
g‘:;.foggﬁre would act on the outer skin of the tail sention as
long as a good seal oould be tween the nossle and ’

rib. However, leter, |
results of lift and pressure distribution
©  Ie&BUrens; rious Mach numbers were published for the

A=4. Thess reaulis ahowed & rather complicated distribution on
the tail during initisl firing under angles of incidence. From
the stress point of view & pressure was needed acting internally
on the skin. It was thought that this could be achieved through
ventilation, but the lack of aerodynamio data prevented &

s solution. Beoause of this and the leaking of the tall, the
stress analysis beocane uncertain and the problem was lef't for
solution at a later time when firing tests ocould be made.

0. The material decided upon for the tail aection was to be & h:l.éh )

grade alloy rather than stesl. Disregarding temperature require-
menta, this material would be advantageous in construotion and
in relation to the all important welight and range consideration.
The material was an alloy similar to dural . The heating of .
the outer covering in the tail section would be very high and’ 80
the strangth would deorease vapidly. This, however, did not .
affect the material selection, since the highest demands on the
outer covering would appear &t a time when the surface tempente
ture would still be low. A4t the time of greatest heating, that
is at propellant out-off, the stress demands on the tail section
would be amall.  This aleo applied even to & higher degree to )
the tail unit ocovering. :

51. Befors the development of the warhead ie discusesd, a short
desoription of the knowan design of the A-4 warhead should ba
given.  In the A-4, explosives were aimply placed in a thick steel
shell, which was closed by & fairly thick stesl door. The outer
form was the front part of the ogive of the missile. No separa-
tion between the warhead and the rest of the missile took place
‘after -the propellant ‘cut-off and so the only stability considers~
tions were for the entive missile. .-A separation ‘of .the wazhead
from the rest of the miseile was oalled for ia:the new develop-
ment of the R-10. [Thie shall be disoussed in more detail further

© g
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in this section;7¥ During the development there were no explosive
experts available to lead thls project.

52, Since an increhse in the explosive had been demended, a considera-
ble welght increase ‘of the warhesd would have resulted in re~ .
taining the thick steel shell, Since the weight of & missile is
the most critical factor in respect to range, & reduction of
the structure Weight had to be attempted.

53, A considerable increase in range demends greater velocity {range
approximstely proportionsl to the square of the speed) and,
therefore, results in an increase in heating. Retaining the
wall dimensions of the A-k would have probably resulted in a
dangerous heating of the explosives. Consequently netw considera~
tions were involved.

5k, The first question was, "Is the thick steel wall necessary for
dam up rveapons or not?" The Soviets and also the Germans. an-
swered, "No". Ignition shoulfl take place st a certain dilstance
.gbove the ground. Consequently, a protection of the expl.osives
at impact by a thick shell was unnecessary.

55. Before attacking the design problem, something should be sald
dbout stability. The free flying warhesd naturally had to be
stable, that is, the center of gravity had to be shead of the
center of pressure, Becmuse the outer form was fixed, stability
could be mchievea in two ways. Eilther the separation point for
the warhead could be mt a peint far enough to the rear to permit
the explosive to provide a forwsrd center of gravity, or the
end. of the head as provided with appropriate controls. Con-
structively the first version was preferred, whereby a plece of
the missile was simply included as a stebilizing shell.

56. With this in mind, what design could be imagined which would.
résist the stresses amd the high temperatures obtained during
descent, snd also protect the explosive from undue heating?

Two different designs were undertaken. The first was to select
a material which could not repist the temperatures for long and
was slowly destroyed, for exsmple, burned out. The destruction
coiild not proceed too fast and the material would have to have
the smallest possible heat transfer coefficient, so that the
heat would resch the still undameged material as slowly as
possible. Through & low heat transfer coefficient, heat pro-
tection for thé explosive could be achleved at the same time.
The expsnsion of the covering for the explosive would then

be negligible and, therefore, the formation of a very undesira=
ble hollow space between explosive and outer covering wes not to
be feared.

57. A plywood govering, protected by impregnetion against direct
combustion, appeared to be the right answer, The theoretically
very difficult question regaihed, "How much of the plywood
covering would be destroyed?” The plywopd covering had to have
such thiekness that the remaining pert hed sufficient solidity.
It was not possible at the time to make actuel tests, The only
experiments were those made on plywood with a blowtoreh and with
autogenous welding apperatus. After burning with the blow-
torch (1300°C) for half and also one minute, the results showed
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relatively little destruction of the surface. But with the weld-
ing apparatus [::::::::::}the_lo mn plate was destroyed in 20
~seconds. The transferrsd amount of heat during this time wase
measured by melting ice blocks, and then compared with the
theoretically calculated amount. Such primitive experiments
naturslly could not lead fto satisfaptory resulte, but only gerved
as an indication. Since the aotual boundary layer tempera~

tures in descent possibly would be somewhere between the tempera-
tures produced by the plewtorch and the welding apparatus,’and
aleo the time in question Wwas possibly a little longer than

half a minute, such & construction method seemed posaible.
Obviouely clarificaticn by actual tests were necessary.

58, Therefore, the thicknese of the plywood was then assumed to be
20 mm, and the depth of burning was calculated at 10 mmgyleaving &
10 mm wall thickness for support. A 20 mm plywood covering
had the same weight, approximately, as a 2 mm steel covering.
Since little heat could penetrate ingide, the cover would not
expand and would fi% the explosive, Consequently, the cover-
ing would be braced by the exploaive and there would be no
danger of breakage peearize of the pressure on the outer covering
nor from longitudinal presgures.

59. In the rear, the freely protruding part of the plywood shell
would be subjected to longitudinal pressure forces and also to
outer prassura. [The protruding plywood shell was reinforced
by means of & wooden rib. The outer casing of the warhead
was mountad on s small ledge of the central section of the
missils. [There were no further sttachments. The union of the
two parts was effected solely by means of a spring tension
along the centex axis of the missile. For this reason, the
rear sealing panel in the warhead and alsc the forward panel
of the central section of the missile were given & conic shape.
Such & shape (i.e. for the panele) was most favorable for the
reception of centrally sntroduced longitudinal foroce.

60. By means of the above desoribed structural design, it was pose-
sivle to lower by & fraction the gtruotural weight of the mis=
gile es compared with thet of the A-4. For & second nethod,
the Soviet ohief engineer KARGANOV demanded the execution of
a design utilizing & steel shell as well.

61, As alresdy mentioned, it was unfeasible to use the nethods of
the A~4 in this comnection. The basic ccusiderations and atarts
ing points were as followes. To wwe & shell of heat resiuting
steel (§ 1 7) and dimensionalize 4t in order that all foroes
at the existing ftemperature could be abeorbed, a safety factor
in the range of 1.5 Was essential. Such a strongly heatedl
steel shell naturally would expand conslderably in a ciroular
a8 well ae in n longltudinal direction. 4 direct insertion of

"the explosive then wua out of the guestion. Consequently, &
construction of & mecond shell for the explosive was necessary.
This second shell wus %o be made ol ocompareatively thin-walled
alloyed sheet wmatal. In order to obviate an overly etrong coun-
struction of the two shells (particularly the highly atrained
outer stesl shell) supporis or bracee between the two shalls
‘beoame nacessary. These braoes, however, had t0 be construotied
in such & munner as o sonduet very 11tkle heat and Ho assura constant
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. butting in -ﬂm face of the s%.rmg expansion of the outer shell in
“a clreunfetentisl and in & longltudinal direction.

Pureuant to the laws of haﬁt trensmigsion, a material vas se-
/Teoted which at high temperature would have suffioclent stability

_,_—‘,_: while &t the same time possem & low thermal conduotivity. Fure

: ‘2!

. ther, 38 order to limit the surface éffected by the heat trans-
. ‘miselon, highly alloyed nickel~stesl studs were riveted at the
- gapport points. The interval between thaese studs was approxie-

mately 40 mm. The resolving linear length for heat conduotion

- of “Shese suppert studs, because of gtructural-technical reasons,

was unfortunately very low.

f_m, the strehgth of the sheet metal for the outer shell Mi wes

__possible to caloulate the relation of the temperature at the
dndividual points ard elso the expansion in the oiroular and

Jengitudinel direction. The transmigesion of all lengitudinal
foposd batween the inuer and the outside shell would take place
fi ‘sis8 forward part of the vortex where the dilameter was small.

. Phig-eonneating point was thus the reference point for the

longitudinel expansion, since et this place the reciprooal dis-

 plecement:1s sero.

”"JMM @ oonic ring on the inmer casing where a brace betweon

B Lt

‘the ‘two shells would be desired for stability reasons, the brace

o ebeds weuld then, during every thermal expansion, methodiocally

Sugpert %hese ocalc vinge. The conle ring pitch had to correspond

L *0:the patio of Zgo eiroular %o the longitudinal expansion

at this point. ea Pt. 13, page 35_57 .

-Amr comment is submitited in regard to the heat transmission

* “bgtween the two ehells. The heat transmission results throughs

. “ L]

61,

és.

&. heat cenduotion through the air gap.
be heat radiatioxn.
The amount of heat which can be trunswitted bi means of an air

‘gep iey of course, emall. Lo this gap was open at the rear of
the warhoed, & very minimal aix deusity would be available not

“only % high «ltitude but at low altitutde as well, since &

strong suotion head would exist behind the rapidly flying warhead.
8ince the air density enters linearly into the tranomitted air
mass, the heat conduction would remein very small.

The heat tranemission through redistion is dependent on the fourth
powexr of the absolute gurface temperatures and on the surface
oonstants of the materisl used as surface. Since the surface
temperatures while on the ground would not be material, only &
moderatc heat transmission would be possible irrespective of

time. During take-off the surfece temperature would inorease
markedly, but the aveilable tinme would be very small. In ad=-
dition, the light metal surface seleoted for an inner shell

had & very low resdiation coefficlent.

The total trensmitted heat quantity was used to heat the inside
shell (that is, the light metal surfuce) and in addition a
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small layer of the adjoining explosive. Sincé the explosive
turns liquid or at least pasty at approximately 7000, the
temperature would heve to be kept as far below thie point as
possdible, for the explosive charge entered into the stress
caloulations as a solid body or support for the two shells.

69. The "stabilization ring" (Stabilisierungs Ring) which extended
to the stern and passed over the explosive part was reinforced
by means of a steel rib so that it was capable of absorbing the
outside air pressure. As this interior rib would remsin much
colder than the outside shell (skin) considerable thermal
stresses would be present. The possibility of introducing a
oolg rib into the outside shell, while heated to approximately
400°C, in the hope that this pre-stress might improve tihe
operating condition, was considered.

70. The connection of the above~discussed steel warhead with the
central section of the missile was, in principle, similar to
the plywood warhead which has already been driefly treated.

71.  The structural design of the steel shell was rather complex
and the structural weight was greater ( | approxi-
mately 70%) than that of the plywood warhead. However, the
weight was much less than that of the A-4.

72. However, one point which repeatedly arose towards the end of the
development work skhould be mentioned here. Conspicuous in this
presentation is the fact thet in respect to the structural de-
“aign of the A~-4 nearly everything was altered, while the ex-
terior shape of the A~4 remained virtually unchanged. In the
early periods, since the aerodynamic department had no experi-
mental opportuniiies and only very limited literature at its
disposal, the department was very handicapped. At the time no
olear opinions prevailed as to the advantages that could be
gained from changes of the exterior form. 1In addition, the
whole development staff was at the time not sufficiently famil~
iar with the new project. Upon completion of the working drawe
ings and the caloulations, it became evident that & simple conlc
form would be more desirable. Howsver, because of the advanced
stage of development of the R-10 and the uncertainty conuveraning
the new exterior shape, the R«10's shape remained that o:f the
A=4 except for a minor inorease in the length.

73. This completes the treatment of the development of the air frame's
struotural deaign and the various viewpointe held by the German . . -

Ratio of Launching Weight to Rooket Thrust

74. It was in conneotion with the problem of inorease in sbsolute

. launching weight that much uncertainty preveiled. 4 clear forwmu-
la appliocable to this problem could not be found. The important
factoras in thies couneotion were the slteration of the air frame
weight, which was very much dependent upon the surface tempera-
tures, and finally the resulting gain in the ballistic range.

staff in this connection. . :

75. The determination of the aurfaou,tom@sraturea‘wasfhbﬁ“pauaiblo ,
through an integrable formule but instezd requiraed time-consuming
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maltiple stage calculations in tabular form. However, to do this,
the ballistic path dimensions were necessary and these in turn
presupposed knowledge of the design dimensions. The ballistic
path values, however, could be determined also only by multiple

© stage tubular caleoulations and this was very time consuming.

76.

17,

78.

19.

On top of all this, there was some uncertainty coucerning the
views on the lauaching. If the ratio of motor thrust to the
take-off weight became increasingly smaller, then the misslle
would have increasingly slower acceleration. This could cauae
diffioulties when 1ifting the missile off the launching plat-
form, if the motor thrust were not activated suffiolently rapidly:
and at its full magnitude. Furthermore, greater difficulties
oould he expected in windy, squally weather. Because of theae
aumerous uncertainties, it was deemed inadvisable at the time
to go far below two in regard to the ratio of motor thrust to
launching weight. ‘ the ratio for the R~10 was
gsomewhere around l.T5. ,

Using the design of the central section as described above, it
was possible to stow more fuel in the central section of the
migsile while using the same length and diameter as the A-d.

In addition, it was possible %o increase the fuel volume further

by lengthening the fuel container further without materially
increasing the weight of the miassile.

Without at firet basically clarifying all the gquestions and

problems outlined and thus obtaining an optimam ratio, the

work procseded as follows: The fuel quantity was gimply in~-
creased to the point where the demanded range could be obtained
with sufficient fuel reserve. Thig theoretical reserve wus
deemed necaessary because of the many wncertainties and imponder-
ables.

In this connection, it should be pointed out that the assumed
abgolute motor thrust also was increased somewhat as compared
to the A-4. This increase in thrust was achieved by means of a .
slight increase in the combustion ghamber preseure. Combustion
tesgts of this kind with an A-4 combustion chawber were made in
Germany. JYuring these teats,| motor thrusis of
36-38 metric tons wers obtained on test stands without diffi-
ocultles. .

- 80,

8l.

Modifiocation in the air frame design alone would hardly have
been sufficient to increase the range hed not weight economies
on meny other parte been made also. All motor paris were
re-examined with respect to their importance and wien possible
subjected to weight aconomies.

Phe controle, inolusive of radio, constituted a large part of

the weight of the A-4. The type and gize of the A-4 equipment
mede it necessary to house the squipment in the forward paxrt

of the missile. This so-callwd "misslle-rack" (Gaermetetraegor)
added not only & conslderable amount of weight, but also occupied
a great desl of space which resulted in a loss of fuel storage
space. Added to this was the 1ack of safety resulting from the
required access panels for the connecting points could easlly

be the cause of "air d%sparaarﬂ" (Luftzerleger).
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82, On the basis of many theoretical studies, as well as model path
studies (Bahn/moda1lunterauohungen), a new radar process was
de e oped, besed solaly on the gyroggope. (Kraisel) and radio. .
Inportant for the miséile's acouracy is thé éxaot control in
relation to spaed aid exact .positioning in space as regards to
the ascending part of the flight path up to the moment of propel-
“lant cut-off. Theoretically, the new unit was to diminsh ocon-
siderably the possibility of target deviation. Also, it was no
longer necessary to put these units in a particular space;
instead, they could bs added to the tail as a supplement. The
&ein in respect to weight economy was thus doubly great. ’

83. In each of the four tail units of the A-4 was an extermnal control
vane. Two of these were dispensed with, a8 they were found super=-
fluous according to the views of the controls sectién;

84, A gaving in weignt was also accomplished ii the propulsion unit.
In the A~4, the turbine was driven by means of super-hested
steam which was generated by the so-called "T" and "Z" fael.
hs is well-known, the turbine drove the two centrifugal pumps
needed for the production of the injection pressure for thu
aloohol and the liguid oxygen. Thege fuels were stored in con~
. tainers which had to be very heavy to withatand the ‘steam pressure.
Thia generation of pressure in thé containérs was atarted by
means of compressed air which Wwas stored in high pressure ‘oyl-
inders, which were also by no" maané light. . » H

854 In the R~10, & new development was prOV1ded which took the gaa
necessary for the actuation of the turbine directly from the
motor. This gas, which was far too hot, was cooléd sufficiently
by an alcohol injection im order to prevent damage %o {the. turbine
blades. Such an installation had a fuel consumption of approxi=
mately the same magnitude asg the "T" and "Z" fuel useéd in the
A-4. However, the weight of the parts in the modified desigh’
was much less. A4itempts at gas extraction for the propulsion
of the turbine were made just prior to my departure from the
Soviet Union and were found to be feasible. The gas extraotion
method saved not only weight, but also space in the tail. ‘which
in turn resulted in weight savings in the tail and tﬁrust frams
by shortening the frame correspoudingly. Compresaad alr was '
8till neceseary for the starting of the turbine since the gas
extraction would be possible only with the motor ignited. )

Degrea g;gg Reszdtal Fuel

86. It would bs of litile use to economize on the weight of. ths
nissile, the propulsion uwnit, and other mechanisms if conaidera-
ble gquantitites of residual fuels would remain in. the tanks,
fuel lines, etc. The residual fusl quantities enter the.balk:
listic calounlations just as adversely as thé structural weights
and service loads. A minor alteration of the aloohol and oxygen

- mixture im of little comeequence %o the thrust. It is highly .
undesirable o have a resldue of one fuel while the other has
been completely exhausted. This realdual fiel ‘oah no. longer
be used in combustion and only raisoa the weight of the missile.

87. Consequently, efforts wore made to datermine as»npcnratainal S
possible the optimum mixture ratios 4 apeoiai auxilisry rsgulator
uni¢, which from time %o time would measure the 11qu&ﬂ huam&itiea
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and then automatically regulate the mixture ratio anew; would

be most complex in design and also raise the weight additiomnally. -
The various members of the staff could not agree on such a
regulator unit for the R-10 and instead settled for a calibrated
diaphragm (Geeichte Blenden) which was to be mounted in the fuel
lines. Thus, the solution, as regards the R-10, called for re-
fined filling measurement of the two fuels coupled with the
calibrated diaphragms which were to assure accurate fuel trana-
mission.

88. In addition,.by shortening all fuel lines, as well as by skill-
fully placing the guick acting fuel cut-off gate valve (Brennstoff-
schnellschluseventil), the fuwel in the lines could be kept as
near to the minimum as possible. | | the overwgll
residual fusl quantity that entered into the calculations was
of the order of 200 kg.

Warhead Separation

89. In the A~4 there was no separation in flight between the war-
head and ‘the remainder of the missile. The whole miesile thus
not only had to withstand the strain of the ascending part’
of the flight, but.also the much greater sirain encountered
during the desoendlng part of the flight.

90. The well-known difficulties of pressure head and boundary layer
temperature rise during descent, somersaulting, added weight,
disintegration, etc., associated with the A-4 flight path becime
greater with the required increase of performance of the R=10s -
The' geparation of ‘he relatively small warhead from the ‘body of
the R~10 missile became mandatory since no other reasonable :
‘technical design appeared possible to cope with the above problems-

91. The plans culled for separation of- the warhead immediately.aftar
the propellant cut-off of the missile. The separation could be
accomplished in various wayes. It was pogsible fto utilise, for.
example, the existing difference in air resistanoe between iha
warhead and the remaiinder of the missile. Or it was possible
to use a slightly pre-compresaed spring. In both cases, an
additional mounting beitween the warhead and the remainder of
the missile would not be nscessary, es the warhead would be
pressed on the missile while on the launching platform and held
firm on the miselle during the toceleration. The basic design

, of the warhead has been disoussed previously. o

$1- e Deoaiagn

. 92. With the possible structural modification, weight esonomies,
and separation procedure, it appeared that the renge and load
¢ requiremente of the B~10 could be met and so the possibility
' of & multi-gtage design with ite many design difficultles was
found to be an unnecassary method of solution of the basioc R=10
problem. Lven if it had been necessary to resort to such a.
design, many of the problems would have been insurmountable
o for the aero and thermodynamics departments becauss of the
‘ vorking handicaps under which they were placed.
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cluraotarmtlcs amd. A#Fgout of the R-10 and its components.

With the exception-of the basgic external dimensions of the: A4,
all data are baped dplely jon my memory and are, therefore, only

approximate. |

Basioc Data

94. Page 31 shows Y ganeral layout of the R-10 missile showing
the basic externsl ‘diumensiond. The following data deal with
the weights, capacity, and basic performance: ‘

a,

b.

¢

d.

M

k- Puel

Weight All otaa.tian of the Empty Missile

Warhead Warhead
. (Wood) -(Stool)
Warhead 1,130 kg 2240 kg

(spprox. 980 -

kg, oxplohive) 

éontral bac‘biaﬁ

e - 430 kg 430 kg
Pail w/Aasombly“ o1 Rudders 480 kg 480 kg
Propulsion Uift e 700 kg . TO0 kg
Controls ' ... 120 kg 120 kg
Weight empiy . . . 2,860 kg 2,970 kg .
Fuele ) . '
A - Liguid ¢ Bps gre = 113 ‘
. B = Aloohold ey mixture sp. gr. - 0.8% (approximntely
70% & whdws " whtor) 3
A - E“Q-L "y 9'060 kg 8,030 dmn;
B - Fuel = - $1540 kg 1,350 dom'
A &3 Fuel .

( . 15,600 kg 15,380 do
Fuel Consumpii Far Second’ '

77 86,8 4 1# = 87,8 kg - 56 "
B - Fuel 3842 + 4= £2.2 kg -

A &3 Pusl 1 146.0°+,5 =151.0 kg ~100.0%

(PO £by Veuting the Sontainer -
%ibﬁ’for*booling ‘the’ (las Hoconlnry
? o?’ the' Surbine

Motor Thiﬁuﬁ"fﬁliﬂéﬁt Jet Rudder Loass)
Thrust = m;proxmmt.ly 32,000 & 2,000 kg

The plus or miuus, 2y
be regulated for pnthtnpni%ol. However, the regulation was
found %o be too difficult and so out-off was controlled .

acoording to the thrust output. The specific thrust snountl\

to approxim&tely 220 kg/lao per kg fuel.
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Fuel Residues

At propellant gut-off the following approximate quuntitioa
would rsmain in the missile:

A - Pusl residue; in gmseous state in A-container
approximately . 80 kg

. B - Fuel residu@; in gaseous state in B—oontainer ‘

approximately T kg
A+ B fuel Residue; in liquid state in container 83 kg
4 + B Fuel Hesidue; in liquid state in fuel lines ';;Q;kg
Total Residue Fusl : ' 280 kg
cémbustian”feriod
From the abova :data. the maximum time of combustion would bo:

t = approx. 15,600 - 260 = approx. 101 8e0.
)

Launching Weight

Prom the empty weights and the fuel woight the 1aunohine
weight becomes:

a. 2,860 + 15,600 = 18,460 kg (wood warhead modol)
b. 2,970 + 15,600 = 18,570 kg (steel warhead model)
Propellant Cut-Off Weights

From the net weights (empty) and the residusl fuel woigﬁti,
the following propellant ocut-off weights become:

8. 2,860 +7280 = 3,140 kg (wood warhead model)

b. 2,970 + 280 = 3,250 kg (steel warhead model)
Maximum Speeds ét Propellant Cut- Orf ‘ ‘

v = approximately 2,600 m/ses (wood warhnad ncdol)
v = approximately 2,510 m/sec (stogl warhead model)
Maximws  Renge : ' L :

'8 = approximetely 840 km (wood warhead model)

8 = approximately 790 km (steel warhead model)

95. -Page 33 . shovwe s longitudinal orose seotion of the waoden
model of the waybesd, &s Well as Eeveral onlarfod points. A&~

cording to the: dmainﬂw tho apex of the missile

2) was to be of

steel 1n proforendé” to cther weterials for throe reasons:

-1

b,
0.

Tho apex. had. tp be’ hoavy #0 that the oenter of gravity of the

warhesd aould bs- drawn forward.
The meoh&nicnl snd thermal stresses wore too great.

The oeuing of tha apex would be thin 8o as to keep the in-
tezrior. apabu ap laXgh &8 posaibdle. .

96. The mechanism 1o meamu thﬁ diptauoo from the éround‘and at a

given height detonate the explosives had to be stored in the apex.
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97.

98.

99.

100.

101.

© matically uevogaw‘ghoxtly after the propcllant out~off snﬁ.mui

102.

. vantageous forcs transmission (arising out of the explo:i?;p

i

SECRET
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s

4 definite space and a welght of approximately 40 kg was set
aside for this mechdnism. The mounting (simply screwing the
unit to the woodem part) was executed in such a manner $o poruit-
heat expansion.

4 wall dimension of 10 mm for the apex was selactcd becaua;

of the center of gravity sonsiderations and above -all, becauss - -
of heat penetration. The temperature was t¢ be kept low.- booauiol7
of the wood connection and the radio control. gnd meaguring
instruments in tha interior of the mlssilo.Z

 The actual outer shell (3) and (4) was to be wound with venser strips

of birch having a thickness of approximately 20 mm.” The rib .

(10) in the rear stabilization casing, as well as the roinforco-if--

ments for the forward and rear panels were of glued laminatod
wood. The details A; C, D,and E on page 33 prnacnt E-%
view of these connections more clearly. As the glued Seans -
possess poor tensile qualities they were secured additidnﬂlly
to the outer shell by means of woodern pags distnibuﬁpd around.
the whole missile and glued. The, wooden pegd are not shovg iz
the drawing,; nor are two covers which were placed betvoon 0 & Dy
The outer shell was reinforced at these points by a gluod frame .
80 that no weakening’ could be experienced. The oovera, ‘goraned”
to ‘the frame, were o be aonatruoted also of 20 mm plyvoodc

The rear partition (6) was also’ of glued venoer Btrip&. It
given & conic shape ap a result of a compromise betweswn an,a

during longitudinal acceleration) and ‘the need for aimplo S
(at least not too complex) comstruction, - PP

The forward partition (5) was dlso given s QonIG ahapa, but in
this cese the partition wae to ba of stesl. beaausg ot the 1angi-
tudinsl loads derived through the mountipg of the warkead at:

tho eonnection (12),

This connection (12) was to be of & type $hat oould weadyly:hmms-; v

mit all forces and on the other hand could permit aimyla sapards
tion of the two parts, i.e., the warhead from the. rest of- tho_

.missile, after propellant cut-off. 4 central faatcning gpp

peered most desirable. 4 mounting of the missile. without
bracing would cause unduly high loocal strain in tha mouniinq :
ring (11) aud slso on the central section. Consequently, the .‘f-
warhead wsas 10 be connected &t poiat (12) to the’ otntr&l_ﬂ’q&&@ﬂnj
and subjeoted exactly to & ocaloulated tension. . This was %0 BN
done by measns of &'oup apring. Thie conneotion was %o be aut¢»

spring tension wase' tou.orvo as an lid in: loparutins the two '
partse R

Because of later findings, the conneciion was to be uqod ou}y
during transportation 6f the missile on the ground. - In flicht,

_however, the central fastening waz' to be dimcarded and the vars .

head was aimply mounted on the ring (11) on top of the oontrnl
seotion., Caloulations showed that the warhead would not lixt

itpelf off the mimsile, even-though no Iurther faptenings wersé ,
usedi’ Thia wes ftrue, sven for strong oroes winda, sustl. uta.,

v
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since the- longitudinal force derived through acceleration wou].d
prevent a separation of the two parts. The separation of the
warhead from the missile after the propellant cut-off (that is

alter the disappearance of the longitudinal acceleration) would

be possible also without using additional devices. DotailT_Qt_‘

the fastening point (12) are no longer aufficicntly clear
to pomiqjdtaumg .8 8ketoh.

103. The explosive ‘{) was %o be ejected into the casing in & liguid

state. no information regarding the type of oxp%ot;lv.

except that it would turn to liguid at approximately 70 C. and
that in & solid state the explosive had sufficient density to

serve as a perfect suppori for the outer skin.

104. Page 35 shown a, longitudinal oross soqtion of the stesl
.model of the wa:;hged. ‘Several points of interest are reproduced
" 4n a larger scale. ’ . . -

105. The apex .(2) was to'be mde of steel. The information given -
above regarding ‘the apéx of the wooden model also applies here. -
In the area of the explosives (7) a 2-case structural design
(5) was necessary. A brief discuseion ooncerning the develop-
moent of this structural design snd the problems that portain :
- vul given previoualy.

106. The studs (14),,vhich are welded into the outer shell, are spsood
at approximately 40 mm intervals around the oircumference.
Thess studa; serve to’ prop the outer skin during the latter's
oxpansi@n,i‘n roulér %nd longitudinal directions along the

~-type rifgs (I5)." The tight connection of the inner 'shell
dg"ith the outer skin can be clearly seen from Detail A.
m longitudizal forces arising from the explosives can be.

tranenitted by this connecting point over the inner shell to the

outer shell. The outer shell should remain cousiderably ooocler
4n this part of the missile because of the wall dimensiocns in
the ares of this conhection. Consequently, no compensatory
expansion for radial expansion between inner and outer shell-
e e provided at this point, Nor was & specisl insulation for
ﬂ\d ‘explosive provided,” sinoe a local melting could easily take
plase without affecting the performance and since the forward
panel (5) provides suffiolent static support. Danger tg the-
-ozploo:l.vo would arise oaly at akin temperatures over 300°C.

1107. 'The stabilisation ouine (4) wes reinforced against the outor

pressure-by. A ne. of the two ribs (10): The Details B and 7

show: ket mbapi - X $bs« . These simple shapes were selected
primarily 66" prinky N %" flow between the outer skin and the .
ribe aibd nob: ua\u y temperature differences. TFrom a statis.

ns.cht péiu‘b. 52 Vigw,.T r&ba are not: vory sdvsntucoua.

- 108, The rear sealing janel ua 'lo be wade of light netal and was

.qonioally shaped. -t purposs was to transmit the lengitudinal
forou o.rhinc 1) o! ‘the. oxploc:vu to the inner shell.

Y R : . ' i Ly

AR e)

109. ,Pace‘ n - nhon the central seotion of the R-10 missile as
nu as several duian o“uo of interest. Inoluded in the
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- kg would be introduced. When strained (d
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l.ttnél;.d lgegend are the designations of some of the more im-
portint saterials. - S 4

The principal material used was to he a weldable light metal
(Soviet designagion AN/ 3) with a strength equal to approxi-
nately 18:. mg " but with a very low elastic limit (approxi-
mately 8 mm®). This low elastic limit stability wais the~de- -
terminant in the dimensioning of. the parts. The material to bs

used in the cast parte had a somewhat gimilar composition as thl

primary material.

The poiz{t {2) ana vipi B chow.the oonnection link for thq?iva’.i_hpi_d, )

At this point an initial tensile force of '&{proxiutcly 5,000
uring transport on t_ho

- ground) the load would be increased to more than 1,000 kge

118,

123

The conic forward ‘sealing paunel (3) was well suited for the
reception of this longitudinal force. The minimal gas preswure.
(p = 1% 0.1 atm) could be absorbsd easily alao. The forward.

0] oould be unsor¢wed at the-flange (4) as shown in Detail 0« B
Hese flanges also served for the reception of circusferentianl. = -

foxdes in the conic container part (5), which would ariss asg &
2o8ult of the deflection of the forces coming from the sonie

panel. The cast rib (16) as shown in Detail D had a three-fold .

task, whioh was to: _ .
& Absorb the ciroumferential forces aoting on the aloohol
eontainer (7). T ‘

. Transnit the forces from the warhead to the central
. .8egtlon of the missile., C o
8..  Absorb and correotly guide into the central aection of .

the. missile the two locally soting bearing forces. resultiang

- during transportetion on the obnvuyor«oo.tritco‘.{ and .Q‘:\g’g‘ﬁ.@&l :

of the missile on the launching platfora. ; .
Point (8) showe the vent pipe for the algoohol tazk (7).

The rib (9) in both tanks sexrved as & form retainer and a Te= |
inforoement against indentations (local buckling). Bevause of -

. &::rul pressures and temperature differences, the skin pf"lho‘

nk would expand radially at a different rate thun & s80lid

vib: Beoauas of this the outer flange of the rid was slotted -

8t intervals of 50 mm as shown in view B« The design then called

for the flangs to be spot welded near the end of. the glotted:
flange. The flange attached to the skin in thie manner aould

h&xﬁﬁfﬁ&im panel (10) separated the aloohol and oxygen tanks,
Since the pressure-in the oxygen tank would be greater (2+2 atm)

“'bond %0.conform to the akin expansion and thus prevent oacu_lt‘v‘g‘ -
atraine between the skin and ribs This design was regarded oaly :
.88 & oompromipge. gplution. : R N

than the pressure in the &leohol tank (approximately 1 atam) ...

and since the correct design o2 such & panel becanms diffionis,

seriss of small axpeviments’ with s miniature panel (3:11) were

performed.. During these experiments the rupture pressures wWers
obtained for various  relatdonghipa of panel radius to panel
wall thioknes@: :'Ab-a:. redult: of 'these experiments & panel of
relatively iarge wall thiokness’ and a small ourvature was ocalled

for, The tests also 'showed a strong static stability breakdown,

3
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with breakdown depending on the degree of precision use in the
lunutaoture of the experimental pleces.

114. Thie fact was instrumental in causing the Soviet staff to seek
another daalgn gsolution retroactively. In- thls design the par-
tition was inversely arched, so that the panel would receive
tensile stresses primarily. However, in this design, compressive
forces could not be prevented entirely, since the weight of the
aloohol would be present during fueling prior to pressurizing’
the oxygen tank. In order to prevent exceséive residues, usiing
this design, it was necessary to shift the extraction pipe (17)
and the heat insulation pipe (13) complqtely to the sides It
would then be necessary to run the pipes at an angle through the
oxygen container (12) and to the center of the rear panel.

This design had several disadvantages, namely:

a. A certain amount of residues could not be prevented even
with lateral extraction of the alcohol.

h,ifl certain ldgs of container apace could not be prevented.

) cwfnlloﬁg the‘outer skin the distance between the oxygen and
. .alecohol would be decreased resulting in a large heat exchange .
between the two fuels.

In spite of  these disadvantages, a series of aketches using
thid solution.  were prepared for tho Soviets. This design
is not shown here. _ .

115, The venting pipe for the oxygen tank is shown aa 211; en page
37 The tank itself ie shown as (12). Point D (13) shows
the reinforced (corrugated) heat insulation pipe. Because of the . -
heat 1nterohanga it was not possible to separate the oxygen. apd
aloohol tanks by means of a light metal wall.  Not only would .
great quantities of heat be interchanged, but aleo the algohol
would freeze in the injection pipe (17) during the.period the
fully tenked and erected missile reated on the 1aunohing plat- o
form. In order to maintain a speclally good heat. insulation . e e
betwesn the heat insulstion pipe (13) and the aloohol 0xtraotion S,
ipe (7), the oircular apace was to be filled with. orumpled -
lupingum foil. Should the missile remain standing for long
‘poriods, a marked ocooling of the aloohol in the extraction pipe. ‘
f:7) would cause & oiroulation flow. As & result of the difference ;. : .
in the specific weighte of the fuel, oiroulation would doour
between the axtrection pipe (17) and also between the pipo
linnl and the motor casing in tho tail section. e .
. 116, lTho oorrugationa Ln “$he. heat inaulatien pipe (13) were found UL
© ndcessary for two reaspons: . i

a. ﬁh‘ pips (13) Would: be ‘subject to external pressures. Suoh

: ‘& pipe would have to be very thiok were it not for the ibe
1ike reinforcements. The oorrugations incressed oconsidera- |
‘bly the moment of inertia and permitted the use of & smeller -
wall dimensidh.” The intervals beiween the corrugation were
obtained through stability caloulations.

ﬁ."Tho outer akin oq)thpugﬁygnn containor would, particularly
| duning the #1ijh . haYe & differant temperature than the
- pro%noting pipe. Conaoqucntly, ohanaon in longitudinal
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.dimensions could not be avoided and the partition panel

°(10) and the rear panel (18) would suffer deformations.
In order to equalize these longitudinal dimension changos,
the corrugations were found necessary. -

117. Page 37 also ahowa one of the four. cpnnection channels
(14) for the distribution of the locally introduced forces com-
ing from the tail and motor and acting on the shell of the central
section of the missile, All forces had to be introduced into
the outer skin 4t the rear end of this sloped channel. The
forward end of the channel and an intermediate point .in the .
channel were supported by ribe. The forces coming from the -
motor comnection fitting would be transmittbd along the Fit-
ting (19) to thé channel (14). When in tension, the forces
would pass through the screwsed connection point (21). When
in compression, the motor fittings would rest against the end
ring (15). .

118. The sealing gasket (20) was placed between the end ring (1%).
aiid ‘the fitting (19). The design shown in views E-F is not _
truo. \ | the exact details with- -
. out excessive loss of time, the design shown in views E-F is
submitted only to show the general arr&ngomont. Located in the
rear pansl (18) was & manhole cover. plata which is not shown in
‘this drawing.

ail C pt

119, . On pages 39 and L1 are views of the tail section and tail’
controls. Several detailled explodod views and oross sections are
presenied in these pages. : efer to appropriate legendse '3
for identification of pointq;7 Caro should be taken to diatinguiash
between pointe in parenthesis and poaitions or stations in. oi:olou.

120, The outer tail cone (3) was to consist of four quarter shells
" whioh were to be. cornected to the four fins {2) by means of the
bracket (16). The tail ocone was to consist essentially of 10
rlbl which. supported the stringerless Dural ocovers The
al ' oover was to be 1 mm thiok. Yhe stresses arising out
of ‘transverse foroe and torsion were to be absorbed by the lholl
okin while the bending moments and the longitudindl forces were
40 ‘be tranamitted via the inmer epar (9) and the connestion
~ Joint (6), at: Detail A 4 to the thruat frame and fron ‘there
0 the qentrul section of the missile.

121, The four jot oonﬁrol vanes (?) and their motors wers honovd ia &

box-like steel frnmawork (12 These girders yere to transamit
all forces %o, the fin. ribs at stations (B)and as well as to
the lkin.A

122, The fins were to be oompoud of 7ibs at “stations (§) and @0), the

' 1on¢1tudinal mombor 10, and the latter's extension, the oading
edge’ member (7). - .

i;ﬁk .who 1 mm numaa Ikturtal stiffened additionally by non-continuous
stringers. . The two horisontal fins incorporated the rudders

. Whioh were to be driven by trimming motors (13). During.
llunohing thu fina warn roquirod to transmit the great longi«
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tudinal forces originating et point (14) while the fully tanked
minsile rested on the launching platform.

124. The tail comnection joint (6), at. Detail A, was designed %o
S tpansmit the -total forces developed in the tail through the
two bolts (18) to the fitting of the thrust frame. The longi-
tudinal forces, as well as the longitudinal forces resulting
from the bending moments, were to be transmitted through the :
leading edge members (7) and the inner spar (9). The trane- ‘ - )
verse forcaes and the torsional moments on the other hand were - :
- t0 be transmitted to the fork (17) of the comnection fitting
(6) via the rib at station(]). At stations(l)and (2), the connection -
{;tt;ng(xﬁ) was to serve also as tail spar. Lo

125; The rib a.'t@. at - Details G &H , was designed to perform three -
- jessential tasks: )

a. It bad to collwct the dispersed thrust forces acting on the . A
.outer skin and to transmit them to the fork (17) of the o .
' connection fitting (6). o
ba A%t the same time it had to be gufficiently elastic so that e ‘
it could, without too much force and without too great -
additional tension, Join in the deformations which would .
B¢ vauged by the tightening of the connection of the ‘central
gsction of ‘the missile. This tightgning would oocur at the
moment that the liguid oxygen (~185°C) was injeoted. When -
" the missile became fully tanked, the rib at would loae
its circuler shape slightly. In order to achieve the
reguired elasticity of the rib, it was necessary to divide
the Tib into four segmenta. The four segments were flexibly
connected at the fork (17). :

¢. As an end rib, it had ‘£0 possess & ‘suitable form 80 88
0 suppord the outer skin at the extremity. ‘

126. The rib at@ wag dggigned as a U-channel closed by the outer
.. . skin. Thm rid atéw&s deaigned s0 a8 to absorb component Co
forces coming from the leading edge member (70 The design height
of ‘the rid was limited by the thrust frame and other interior.
unita,  Consequentl¥, & doubles U or I section was necessary
a% - Details @ & Hn». '

the steel guarter rid segmenta.and fia ridvs by neans of the
bracket:(16). ~The transmission of the bending moments from . -
the fin ribs’ to the spar was 1o be accomplished by means of the -
bracket (11).. The inner spar (9) was not interrupted by this
*arrahgement, sxcept £or a #1dt in the middle at view 4 =B,

j127‘. ‘Th'oyu_otioml views A=B and C-D show the method of connecting .

123.“ ‘The design of the. -;‘eaﬁi.nS. edge member and longitudinel member,
' as well as. the copnection between the two parts, is shown in
Detail B:. The remaining views arse sufficiently olear to show

.. the design of thoass members | well enough " 95X1
DEN. . $0 reproduce. ' ‘ . Lo
129. Om page 42 _isaa ‘schisnatie 'diagi;m of the propnh_ion unit and ‘ -

the fusl Veuting mystem. 4n exaot drawing was not attempted .. 25X1
SECRET
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_Tegulate the pressure in the B-container (2) at 1.0 i 0.1 atm.

_',135. A very brief starting procedure of the propulsion unit is pro~
.. 7 sented as follows: . :

a. The turbine would be brought to the required speed quickly by

means of compressed air from an extermal source. The . -
A~fuel maim cut-off valve would be opened and by fleang. .. .
of. g primer composition the B~fuel would gain entry in the
chambeér. Simultaneously, an ignijion ‘Between the 4 end 3 =
fuel would be eifected. The quickly increasing motor ‘pressure
would permit the turbine (5) to function on the motor's “
exhaust gas. The rising missile would free itself from all

. lgunching instruments and servicing lines through break

. couplings. . :

b. Rocket motor shut-off was to be accompiiahed by'moaﬁsfof 8
‘%uiok action remote control system. | | 25X1

the out-off valve (12) was to be:jammed by means of & ~ 25X1
. quick-acting explosive powder charge. ' o :
136. On page b is a sketch of the thrust frame, The attached
<o "legend for the dagram contains information regarding material
specifications, The thrust freme had the task of transpitting
the forces from the motor (3) and the forces from the tail shell
and the fin connection (10) into the central geotion (2). It
. also had to.support the turbine pump mechanism.{(4), whick in
turn braced the oross piece (6). The thrust frams consisied of
. four longitudinal members (7), the crose piece (&),and the disgonal
ieces (8). A bracing between ths motor (3) and the croes piece
‘26)‘was.notquasible for lack of space. In order to prevent aan
_ex0e@sive bending strain on the thrust frame becabise of transverse
forces, the motor flange was attached to the rib end of “the tail -
. shell, The tail shell would be better suited for the-transmission
. of the transverse loads., Thig:would be more accurnde, since during
. 2£14ight the rocket motor forces gensrally &ot.in &n opposite ’ .
. .. .direotion to the teil air lead: How ‘much - was questipnable and so -
. . : this condition introduced another wimown famctor, K ' .

" ", '137.  The styuctural design:of the sttachment (9) is shown in Detail 4.
o Tl Dubding the Filling of the A~container the ‘attachment paints (9)
RS L would edhtragt due to excessive cooling.  This effect weuld
0 'onmpe.edditional forces end woments to bear on the thyugt. . s
‘ ‘ fremé. Bacause of this an austenitic eteel was. adleoted for fhis !
: . parde At ¥evy low temperatures, this steel should ngt bedome a
e brittle and should maintein & high notoh impact stremghh. .

Phe development of the R-10 (which had many other interim desig-

“ natiohs, such es G-1, G-10, eto.) wae csrried putfduripg_afpsrioa

S .ranging from the summer of 1946 until the spring of 195G, ~Dur-

Vel e Lo ing this time many diverse development facets were considdted

w7 and pumercus drafte were maede of individusl items. In this:
report, the findl stage of the R-10 was discussed.’ A ohromo-

' logiocal descripiion inbluding e stege by stage review of. the

" developmentt Work, the problems that were encountered in eatl
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since the propulsion unit was not materially changed over
that of the A~4. The method of pumping the- fuels, the venting,
and the starting procedures were changed and the presented
schematic should be sufficient to clarify these points.

25X1

130. The gas %o be extracted from the combustion chamber at point (8)
would have & pressure and temperature approximately 3he same
as that within the chamber, namely 22 atm. and %3,0007C. . In
ordsr to reduce the temperature of the gas to approximately
500°C so as not to endanger .the turbine, the gas was to be
cooled by means of & siream of alcohol flowing around the ex-
traction pipe and by injecting a small amount of alcohol into the
gases. The cooling alcohol flowing between the wotor walls
would have & slightly higher pressure than the notor gases.
Therefore, the injection through suitable bore holes should
not cause great difficulties. +inding a suitable location
and the designing of parts concerned was very problematic.
When the design work on the B-10. had been completed, & long
series of experiments were carried out to test systematically
the gas extracti rineinal. The small test stands on the
Island were used the rwsulte of 25X1
the tests were regarded as satisfactory. ’ ’

131, The gas cooled in the above fashion would then flow through
line (9) to the turbine (5). Here part of its enaergy would be
transferred into machanical energy. The waste gas flowing
through pipe (10) and escaping into atmosphers would be utilized
in the form of thrust by means of the nozzle at the end of the
ey line.

132. On the same .axis as the turbind were the two turbine pumps.
The B-fuel pump is shown as (6) and the a-fuel pump as (7) in
the sketch. These turbine pumps would raise the A and B fuel
to a pressure of approximately 25 atm.

133. The fuel was to flow from ithe Ascgontainer (3) through the line

© (11), the union (29) and ®he out-off valve (12) into the tur=

 bine pump (7). From thers it was to flow through the pressure
lines 5133 into the injeotors lovated along the head of the

_ motor (14). A small quantity of A-fuel would flow from the pres-
sure lines (13) through the line (15) into the heat exchanger
(16). Separation (i.e. heat extracted from the alcohol) would -
take place anﬁ;the £low would continue through the venting
line (17), the pressure-relief valve (17), and the bellows
uaion (243 and finally into the A-fuel contalner (3). The . ..,
.pressure~-relief valve (18) wam toregulate the pressure in.the
A-fuel container at 2.1 x 0.1 atm,

134. The B-fuel was %o flow from the B-container EE) through 'the
extraotion pipe (19) and the apring bellows (24), into the B-
fuel turbine pump (6). From there, it was to flow through the ' : -
heat exchanger (16), the pressure line (or comprecsed air
1ine) (20) over the distributor ring (21) between the double
motor jacket, through the motor (4?}and,finally‘injectod‘through
the motor head into the motor. The Befuel flow is obvious.
The gas used for the venting of the B-container (2) was to be
taken from the gas feeding line (9)s The pressure would bs .
greatly reduced by the pressure-rellef valve (22) which wam o
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: . ‘stage and the'@pdiﬁications that wers wade from day to day,
N g would have been oo time consuming and was not attempted.

" 139. The reason for the long period of development, and the many -

- - different development drafts can be explained by the following -
facts: ; ‘ .
a¢ The personnel sgsigned 10 iLe development work were es- - -

. gentislly inexperiencad and had to acquaint themselves with
the migsile field. o i : - L

b.  Jhe work ana y3porte of ihe sclentists and engineers during. .

the course of the development period repeatedly offered new '

.. insights which in turn led to changes and new comparative . - o
“drafte. ' : S

6. The forecible recruitment contributed a great deal to re~ -
tarding the mork.: : ‘

d. A very riglq,ggg‘ferﬁél development aud'planning-systﬁq

. seriously & sed. the development work. The Germans were':, '

requirad "to submit a pre-drsft project, & draft project, . -
g"qg_,én“gfdject;gad”gjwqu?projsct'accbrding to goheduleld .
“his nethod resulted in a great deal of lost time because -

" of the many T eperis and sketches submitted, which to some. R

' extont weTp similay In content, yet wers seldom thorough in" "

1

- gxedition beciuse Of the tine element.

:: 140. After 1950, some work continued which wés:bf’genoral imporéahébf.“
" 4o the missile. Thie dealt primarily with theoretical and - -
exparimental*ﬁcrk in the field of controls, radlo guidance and.

" gas extraction for the prommlaion of the “turbine. 4ll these . S
;‘Ernjgiiaiziicn gontinued : C o 25X1
: ware nob an integral part of the R=1Q, but eowld . Sy

nevertnel be associated or useful to the R-10. . o Tetie - 25X1

.. 141y The R-10 design &8 finally submitted would undoubtedly causs -
o gifficulties.  Many channels were explored, but the lack of. .
-experimental facilities did not pérmit the. perfectiion of the u - -
migsile. Uhe structural testing of the meny changes of ‘the ehell
Lo “had %o be digpensed with and the ocapacity improvement cowld « .f
Lo .not he Justified. Hrom the polnt of qonatruetion‘alone,;npnyv?~‘
- . giffionlties should be encountered in welding of the central ..
section and. particulsrly in welding the rear panel and end xings .. .

‘ L1424 the overall design of the miseile must be 1o
dLE T dpol 8B obpoLescent. The A-4 outer contoure and the. old A=4
; moter would yesull dn & congtruction which would be altogethex
L boo complicated sad too hiﬁvx",gﬁi high retio between mdtor = o
. thrusi, and weight ‘does not permit-an optimum‘oxploitation-quf,-' T L
.. #4ise range. _The speed in the denser air belt womld be: too great, . ..
. _gesulting in exowsaive hesting of the missile, which in turn... e
“.gPfects the weight'ief the missile. The vitimate effegt ia a . 7, 0.
S 7 deoreage in range. I all these considerations, the assumption
.. ...  ~was made that the method for the determinatjon of surfage :
=+,  tewperatures, as developed by Dr. ALBRING, was oorrect. In
. view of insufficiagﬁ“bxperimental"taating dtme insecurity ex- _
. ieted in ‘that regard. As the question of surface temperatures is
- of cardinal niportande in ‘gome gtructural parts, s funddmental
error iwhe calculation of the surface tempasraiure would have .~

SE TN N

T
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great influence on the structural design. The inflexible de-
velopment and planning scheme in the USSR was one of the main
reasons. for not making changes in the contours of the miassile.
It was imposaible to interrupt a planned and initiated progect
and to repldce it with a new and unplanned project.

“143. The gquestion of prime importancse, "What was the ultimate disg~ "
‘poeitlon of the R-10%", cannot be answered | L .25X1
| :
\ \a few statements, which might serve as &
guide. They ars as follows: '

a, The development of the R~10 continued over a periocd of many
years with great jenacity.

b. During a scientific congress in Moscow "‘ 725X1
around Christmas of 1948) at which a few German supervisors ke
gave a report concerning the R-10, no basic objections were‘
raiged by the Soviets. Shortly after, a financial, premium
was received by those associated with the proaact “which
was assumed to signify approval of the’ project by the -

 Sovist authorities. o

¢. -After this congress, the guiding principle was to carry. out
a8 many tests as were possible. . After a few attempts., “thig "
bogé‘ggﬁ_. dows, however, becaunse of the lack of proper faCllltiGS.‘

d. Inquiries by the Soviets regerding design continued to be . -
received until the beglnning‘of 1951, ‘

N

e. The geuexalij continuing: development in controls, guldance,
and gas extraction indicated & great 1nterest in these matters.

A rational application of these results to the R-10 by Soviet
. engineers themselves was undoubtedly possible. Because: of
"this, the actual Soviet plans remained hidden from the Gorman.‘

f. During Mey 1951, instructiong were recelved to construot
oo ogoillation tables. Among thess: waﬂ g :large oseillation
. itgble with dimensions to. m&tah exactly those of the A=d’ and

the R~10. o o
JTJ . v ‘ ] I ‘ ‘the Qaliw - é5x1
.+ ber of the Soviet engineers and their ebility %o carry on the - ) .
S Rml0 rojactn Those engineers at the Island | | - 1 25X1
: [::::%] wers only so-called secondrand third-rate engineexrs - : 95X

“whe wers' thers. primarily for- adminiatrative and” monitorlng -
nrposﬁa ﬂfmha vere hardly capable of carrying on & developﬂjn
programin the missile field. A few of thp young offigers at
'tho InSVitute wer@ quite oapahla, but were lacking 1n experiqno -\

'."f}45.*”L4444?444444Wﬁ}the iiratvrate engineers were not presont far two T 28X
(v reasonsy The firgt reason was one. of aocurity. -If & firet. gato R
'«',onginaer werd present ambng the Garmans, He would: eventually ' - -
- veveal ynconsciously. other ressarch. and. development secretas. As
ap ‘example, & Soviet enginesr, |- © . 25X1
Lo appeared at the Ipstjtute in the  fall of 1950 when woTk was .
... atarted on the axtiairoraft miseile project. The engineer's:
',faasignment was" to- a%eer the “thoughte of the Germans along curtain~
- paths.. After ‘the’ enigineer had been among the Germans for - .
approximabnly one manth, it wes obvioua that he held a perm&nant

ot
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yo.i&ion 3n uqme,qgh,qr regearch a.ndbdovclopmnt institute en-
in work somewhat " parallel to the antiaircraft project.
Be e:of(¥nts laakithe. ‘engineer was recalled and the Germans
continued with g, .a@sistance.

146, ‘the séocond reason that firqt-rsto engineers were o5y
' not present was that the Soviets did not feel the activities at :
Gorodonlya Island warranted the diversion of this type cngimor
from the true Soviet rcuarch and devclopuqnt programs. .. .

147. Those- onginoora who were prount st tho Island were- oapahl,o of : e
. eoriticism of unimportent points, but were not capsble of oritie =
oising the overall projects. In addition, they possesseed no o
creative talent. An exception to this was a Soviet oivilian
engineer named BOSHKOZ-SHUBINSKI (phonetic spelling) who was
unofficially the ghief engineer. :
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Legend ' (overall View of the R~10 Missile) .

(1) %o Point. -
(2). Warhead. o
.+ (3) Central Section of the Missile _ S o
A\ (4) Tail and Control System : : R
(5) Porward Separation Point Between Warhead and Centrsl Seption
(6)  Rear Separation Point Between Central Seotion and Tail =~ .
(7) B-Fuel Tank (Aloohol Tenk) ' AR
(8) 4-Fuel Tank (Oxygen Tank)
(9) Motor
(10) Thrust Frame
{11) Control Apparatus
(12) Fin
(13) Rudder
(14) .Jet Control Vanes
(15) intennde for Radio Control
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Legend ' (Wooden Warhead) S

(1) Ho Point . . e

- (2) Steel Apex , Lo

- (3) Plywood Casing ‘- T o N ‘ .
(4) Stabilizing Casing (made of plywood) - 2 .

. (5) Forward Sealing Panel (Steel: 30X(TA; 6B = approx.- 60 kg/nm) .
(6) Rear Sealing Panel (Plywood) ' ' - ap
(1 Explosives

(8) Connecting Pipe 50 the Forward cham‘ner (Steel: 30xr cA;o',;" -
approx. 60 kg/mm“) : .

(9) Cable Pipe

(10) Reinforcemenf Ridb within the Stabilizing Casing mdo of
laminated Wood '

(11) BRing of Sheet Dural for Proppin! the Central Section of ﬁ'hﬁ_ e
Missile (dB = approx: 38 kg/mm Lo

(12) Connection to the Ceatral Seotion of Migsile Not Shown .

6T Indicates Tensile Strength

‘SroRer
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Legend : | (8teed Warhesd) .

. {3) 3o Roint

- (2) ~ Steel Apex

< . (3) Two-Shell z-euo) ontor Skin in the Area of the mlouim
-9 (outer Bha](.l is of High temperature -t«x) :,. o

: k‘)' Stabilisation’ Castng (91 ) . . o
" (5)  Ferwsed fesling Pamei (Stesls 30K[TAs &5 = approx. 60 u/— )
- (6) . Rear suung Panel (I..tcht Netal; m"di - .,pro;. ‘18 u/— )

5 “(¥) -Explosive

~.°(8) GComnection Fige I.osdu! $o the Jorward rml (Btuh mmg
63 © SPPTOx. .

. (9) cadle Pipe -
- {10) noutor«mnt mg in the suuuuuon Casing (stnuo—.v -
- approx. 60
- (11) Commection to the Central Seotion of nuuo (not q:nn)

(12) Ianer Casing in the u-r of the Explosives (mcht .lotut uﬂ.
E X approx. 18 g/l

(ii) Riveted Wedge-Type Rings (ncn ¥etal)
(24) Weided ?rowinc Pogs (of vm hienly m.ma aioked amx).

@3 Indtcites Tensile Btronﬂh ‘

N

i
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Legend

- (1)

(2)
(3)

4)

(5)
- (6)

(1)

(8)

(9)
(10)
(12)
(a2)
(13)
(14)

(15)
(16)
(a7)
(18)
(19)
 (20)
‘(1)
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(Missgile Central. Section)
No Point '
Warhead Connection (under pre-tension)

Porward Sealing Panel (amr 536y = epprox. 18 kg/nna) -
Porward Sealing Panel Flange (Gaat Light lletal 63 " approx- 16 Wﬂ’)
Conio Container Section (AMF'B; o‘i = approxo 18 kg/ml ) '

Forward Rid (serves to prop the \varheag and the. n:lnilo d.\lring
transportatibn (o" = approx. 16 kg/mm

B<Fuel :Container (Aloohol) (AM[™ 3;6“ - approx. 18 ks/nz)
B-Container Gas Feeding Pipe '
Shape Retaining Bib (AMF};o-ﬁ = approx. 18 kg/m

Partition (AN 3; 03 = &PProx. lB kg/mm )

A-Container Gas ‘Feeding Pipe .

A-Puel Container (0,) (AMF3j 57 = approx. 18 kc/nnal
Reinforced (corrugated) Insulated Pipe.

Canection Channel (central section - ta.il) (Allf};s" ° .)W
18 kg/mm ) (Dura.lo—- approx. 38 kg/mmz)

Cast Light Metal: 6—- = approx. 16 kg/mm

A~Fuel thrzw‘cion Nozzle

B-Puel Extraction Pipe (AMF};O"B = approx. 18 kg/mz)

Rear Pa.nel CAM[3; G5 = pprox. 18 kg/mm )

Connection Fitting (Duralf = approx..42- kg/mz)

Sealing Gaaket

Threaded Holq

&3 Indicates Tensile Strength

- SECRET'

Sanitized Copy Approved for Release 2010/06/30 : CIA-RDP80-00810A001400010001-4

.. 25X1+



434038

_Sanitized Copy Approved for Release 2010/06/30 : CIA-RDP80-00810A001400010001-4

Sanitized Copy Approved for Release 2010/06/30 : CIA-RDP80-00810A001400010001-4

199048

25X1.




Sanitized. Q‘Io‘pyvApproved for Release 2010/06/30 : CIA-RDP80-00810A001400010001-4

SECRET

- L0 =

Legend

(1) ©Fo Point

(2) Tail'section

(3) Fins (Skin: Dural g7 = approX. 38 kg/mm )
(4) Tail Cone Shell (Skin: Dural '3 = 38 kg/mm )
(5) Rudder (onIy 5*rudders for horizontal controls are provided)

(6) Jet Vanes (4 vanes) . T g
(7) Tail Connection Fitting (Steel: BOIFGA;G'B - approx. 60 kg/mlz)
(8) Leading Edge Member ( Dural G = epprox. 58 kg/mm )

(9) Stringer (for the skin) Dural’ 6-3 - approx. 38 kg/mm )
(10) Inner Spar (‘Tural @ = &Pprox. 38 kg/mm ) '
(11) Fin Longitudinal Member ( Dural G - approx. 38 kg/mmz)
(12) Bracket (steel) -( Dural §F = approx. 38 kg/mm )

(13) - Frame Woik for Jet Vanes and Mechanism" (Steel: BOxH}A;G- - ap
60 kg/mn“) _ _

(14) Rudder Drive Motor

(15) Resting Po:.nt (aem;—sphere shaped)

(16). Trailing Edge Antenna Housing ~

(17) Rib and Spar Bracket

(18) Joining ¥ork for Rib Quarter Sections

(19) Tatl Connection Bolts (Tail to Thrust Frame) (Not :Lndicated)
@ - @ stations Locating Fin and Tail Cone’ Bibs ( sarar

‘ 65 = eppTox- 38" kg/mm ) : S

6“5 Indicates Teneile Strength '

" SECRET
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A/0/€ : ANl dims grven in millim eters L

_DETAILS of TAIL SEcTION
R-/0 Miss/iLe

Refer Lo LPege 39

. Scale /=25

See legend, page 4O
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Legend (Schematic Drawing of the Propulsion Unit and Venting System)
, ; )

(1) Mo Point .

(2) B-Fuel Container (4lcohol)
- (3) A-Fuel. Container (Oxygen)

(4) Motor :

(5) Turbine

(6). B=-Fuel Pump

(7)° A-Fuel Pump

(8) Gas'Bxtraction Fitting

(9) Gas.Line to the Turbine

(10) Gas. Line from the Turbine

(11) A-Fueéliline from' the A-Container

(12) - A-Fuel Main Cuit-0ff Valve

(13) A~Fuel Pressure Line.

{(14) A«Fuel: Injectors .

{15) A-Fuel Line for Venting of the A-Container ,

(16) Heat Exchanger - for Vaporization of the A~Fuel . !

(17) A-Fuel Vent Line ;

(18) Cut-0ff and Pressure Relief Valve for A—Vonting (p = 2.1 2. 0 1 atm)

(19) B-Fuel Line

(20) B-Fuel Pressure Line

' (21) Distributor Bing for the B-Fuel

(22) Cut-0ff and Pressure Relief Valve for B-Venting (p .1 4 0. 1 atm)
" (23) B=Vent Line : : : .
- {24) Metallic Bellow Unions to Compensete fur Expanaion and Vibr&tion
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(3)

o DEmMIL A"
(2) Y femfet /e 2.5

(lo)

THRUST FRAME
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Legend ‘ _ ' Lo

(1) Thrust Frame

(2) miasile Central Section

(3) Rocket Motor A

(4) Turbine Pump Installation - o,
(5) Attachment Points for (4) ‘ B
(6) Cross Piece (Braced through (4) (Steels. 30)(]‘(86‘1 approx. 60 kg/mm )

(7) Longitudinal Members (Steelz 30XrCAs §p = approx. 60 kg/mm )

(8) 'Dzagonals (Steel: 5OXI'CA;6'§ = approxX. 60 kg/mm )

(9) Attachments betwsen the Thrust Frame and the Centra.lz Section

(10) Bolt Holes for Attachment of the Tail Shell - .

(11) Hole for the Uonneotion Screw (Thrust Frame and Centra.l Saction)

(12) Bracket éAuatenitic Steel 1 T;e—' - approx. 60 lcg/mm ;d'approx- g
25 kg/mm") _ ‘

‘6 p Indicates Tensile Strength

(6~ Indicates Blastio Limit
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